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Biologic and Cytogenetic Characterization of Three Human
Medullary Thyroid Carcinomas in Culture

R. Pfragner,* G. Wirnsberger,^ A. Behmel,^ B. Niederle,§ F. Langle,^ R. Roka,§ A. Mandl,*
P. Piirstner,!! J. Auner,ll and F. Tatzber^

Neuroendocrine features and cytogenetic abnormalities of one continuous cell line (MTC-SK) and
two long-term cultures (GER. STAH) derived from three sporadic cases of human medullary thyroid
carcinomas (MTCs) were studied. Specific neuroendocrine markers (NSE, chromogranins, calcitonin, calcitonin gene-related peptide) were identified hy electron microscopy and 'immunocytochemistry. In situ hybridochemistry and Northern blot analysis confirmed endocrine activity.
Cytogenetic studies ofthe cell Une MTC-SK revealed three consistent marker chromosomes, 1(3:10),
I lp+. and 22p+. Cells of long-term cultures GER and STAH exhibited a consistent translocation
t(2:l8), a trisomy 7, and two consistent marker chromosomes der3 and 5p+, respectively. Recently,
we have isolated 12 stable clones of this MTC-SK cell line, which showed two different growth
patterns. Quantitative measurement of mitotic activity by flow cytometry and semiquantitative
analysis of AgNOR-, K'i67-, and Cyclin/PCNA-(immuno)reactivity showed different DNA composition and duplication rates, indicating at least m'o subpopulations. Some of our clones developed a
new consistent marker (i.e., an unbalanced translocation betn'een marllp+ and Iq). However, no
correlations hett\'een chromosome findings, growth rate, and neuroendocrine markers were observed. (HenryFordHospMedJ 1992;40:299-302)

M

edullary thyroid carcinomas (MTCs) derived from intrathyroid C-cells are difficult to grow in culture. As far as
we know, only two human continuous cell lines have been established: the TT cell line (1), and the MTC-SK cell line (2). We
report here the establishment of two additional cell lines from
different MTCs, two long-term cultures GER and STAH, and on
further studies with MTC-SK. The primary focus of this work
was to characterize the new cell lines and to demonstrate properties of interest for experimental studies.

Subjects and Methods
Table 1 shows clinical information regarding the three cell
lines. All were derived from apparently sporadic MTCs.
Cell culture/cloning
Tumortissuewas dissected mechanically (MTC-SK) or enzymatically by trypsin/EDTA at 4 °C (GER, STAH). Ham's FI2
medium (Seromed, Germany) with glutamine, containing 10%
fetal bovine seram (PAA, Austria), IOO lU penicdlin/mL, and
100 Jig streptomycin/mL medium was used as growth medium.
For receptor studies Ham's F12 with 10% serum from female or
male bovine fetuses, or with 10% bovine amniotic fluid (Hamosan, Austria) was used. Primary cultures were set up in Primaria™ flasks (Falcon, BD, Oxnard, CA). Cell lines were propagated in NUNC tissue cultureflasks(Nunc, Denmark) at 37 °C
in a 5% CO2 enriched atmosphere. Twelve clones from the
MTC-SK cell line were developed by limiting dilution.

Henry Ford Hosp Med J—Vol 40, Nos 3 & 4, 1992

Flow cytometry
MTC-SK cells were centrifuged and resuspended in 70% ethanol (1.5 X 10^ cells/mL). After 2 hours the nuclei were prepared
by pepsin-HCl digestion (pH 1.7) and stained immediately by
DAPI (3). After an incubation of 1 hour, the samples were measured in a Partec-Pas II Flow Cytometer (Munster, Germany).
Human lymphocytes were used as diploid standards.

Cytoplasmic receptor analysis
MTC-SK cells were disrupted mechanically and cytoplasm
separated by ultracentrifugation (105,000 g, 30 min). Receptors
for estrogen and progesterone were determined by the dextrancoated charcoal method (4). Cellular protein content was determined by Biuret. Evaluation of the results was done by
scatchard-plot.
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Table 1
Patient Data
Cell
Line
MTC-SK
GER
STAH

Time in
Culture

Age*/Sex

5 yrs
Iyr
lyr

51 yrs/F
56 yrs/M
59 yrs/M

Treatment Before
Operation

MEN 2A
History

—
Favistan'"

—

No
No
No

* At time of surgery.

Immunocytochemistry
Flexiperm-chambers (Heraeus, Germany) were coated with
5% 3-aminopropyItriaethosilan (Fluka, Germany). Cell suspensions of 1 X 10^ cells/mL medium were pipetted into the wells.
After 24 hours, the cells were briefly fixed in 0.05% buffered
glutaraldehyde and stored in a buffered solution of sucrose and
glycerine at -20 °C. A broad spectrum of antibodies directed to
different neuroendocrine markers and proliferation-associated
antigens were used to characterize these cell lines (Table 2). For
visualization of the immunocytochemical reactions, the labeled
avidin-biotin (LAB) method or the alkaline phosphatase-antialkaline phosphate (APAAP) technique was used (5). For analysis
of the estrogen and progesterone receptor content, a ready-touse immunohistochemical kit was applied (Abbott Laboratories, Chicago, IL). The percentage of immunoreactive cells and
the intensity ofthe immunoreactions were estimated and graded
as negative (-), weak (-F), moderate (-H-), or strong (-H-H-).

In situ hybridization
Cells on slides were fixed in 4% paraformaldehyde and immediately transferred into glycerol/sucrose solution (storage at
-20 °C). Hybridization was carried out with ''H labeled antisense RNA probes (6). The hybridization signal on radiographed sections was evaluated by counting silver grains and assessed semiquantitatively in the same manner as described for
immunohistochemical reactions.

Northern blot analysis
Cellular RNA was extracted according to the method of
Chirgwin et al (7), separated by electrophoresis (10 p,g/lane),
and vacuum transferred to Hybond N (Amersham, England).
The filters were hybridized with -^-P labeled antisense RNA
probes. The conditions used for hybridization and washing were
based on those described by Church and Gilbert (8). The intensity of the bands was estimated by densitometer scanning of the
autoradiographs.
Probes
Human calcitonin (CT) gene: 0.298 kb fragment linearized
with Hind III; human CT gene-related peptide (CGRP) gene: 0.3
kb fragment linearized with Eco RI; human bombesin (GRP)
gene: 0.7 kb fragment linearized with Hind III; rat somatostatin
(SRIF) gene: 0.38 kg fragment linearized with Sal I ; c-myc
gene: 1.5 kb fragment linearized with Eco RI; v-Ha-ras gene:
0.46 kb fragment linearized with Hind III.
(Immuno)electron microscopy
Tumor tissue or cultured cells were fixed in 2% cacodylatebuffered glutaraldehyde and prepared for both transmission and
scanning electron microscopy following routine methods. For
immunogold-labeling of neuroendocrine gene products, thin
sections of epoxy-embedded culture cells were treated with 10%
sodium metaperiodate with primary antibodies against chromogranin PHE-5, calcitonin and calcitonin gene-related peptide, followed by incubation with anti-mouse immunoglobulin
coupled to 20 nm colloidal gold (BioCell, England).
Tbmorigenicity assay
Ten male nude mice (nu/nu-BALB/c) were inoculated subcutaneously with MTC-SK cell line (10^ ceUs in 0.2 mL PBS per
animal) (9).
Cytogenetic analyses
Direct chromosome preparations were unsuccessful in aU
three MTC tissue specimens. Chromosomes were successfully

Table 2
Dilution and Source of the Employed Antibodies
Antibody
m-Bombesin (GRP)
m-NSE (y-sublype)
m-Chromogranins (clone PHE-5)
m-Somatostatin (SRIF)
ra-Calcitonin (CT)
ra-Calcitonin gene related peptide (CGRP)
m-Estrogen receptor (Er)
m-Progesterone receptor (Pgr)
m-erbB 2/neu
m-myc
m-Ki67
m-PCNA/CycIin

Dilution
1:500
1:20
1:500
1:20
1:500
1:200
KIT*
KIT*
1:30
1:20
1:50
1:20

Source
Hybritech. USA
Innogenetics, Belgium
ENZb, USA
Novo. Denmark
INCstar, USA
Milab, Sweden
Abbott, USA
Abbott, USA
Triton Bioscience, USA
Oncogene Science, USA
Dakopatts, Denmark
Novocastra, England

*With moditications.
m = mouse; ra = rabbit.
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Fig 1—STAH cell line ultrastructure. Note the dense core granules (arrow) and the enlarged Golgi apparatus (*)(x 55,900).

Fig 2—MTC-SK cell line: Northern blot analysis oftotal mRNA
for different (proto)oncogenes (c-myc, H-ras) and neuroendocrine genes (GRP, CT, CGRP, SRIF). Molecular weight markers are shown betv'een the two autoradiograms.

prepared in MTC-SK after six months, in GER after eight
weeks, and in STAH after three weeks of cuhivation. MTC-SK
was grown as suspension culture and chromosome preparations
were done according to routine methods after short colcemid
treatment. GER and STAH were transferred to NUNC slide
flasks prior to chromosome preparation, and adherent and
nonadherent cells were prepared separately. Because of the poor
growth rate, colcemid exposition had to be extended up to 12
hours.

clones from nonadherent MTC-SK cell line were isolated which
showed different growth patteras: eight clones were anchorage
dependent, four grew in suspension.

Morphological aspects
By electron microscopy the presence of dense core granules
was demonstrated in MTC-SK, GER, and STAH. The enlarged
Golgi apparatus also indicated extensive endocrine activity in
all cell lines (Fig 1).

Results
Protein and mRNA analysis
The expression of several neuroendocrine markers was visualized by both light and electron microscopy (Table 3). Immunocytological staining for the (proto)oncogene products neu/
erb B2 and c-myc reflected an overexpression at protein level. In
situ hybridization and Northem blot analysis confirmed these
results (Fig 2).

Tissue culture
In the three different cell lines (MTC-SK, GER, STAH) the
development of adherent and nonadherent cells was observed.
The adherent cells formed monolayers which, after weeks, if at
all, reached confluency. While the adherent cells contained tumor cells and fibroblasts, the nonadherent cells represented another part of the heterogenous tumor population. Twelve stable

Table 3
Neuroendocrine Gene, (Proto)oncogene, and ER/PgR Receptor Protein Expression in
Medullary Thyroid Carcinoma Cell Lines (MTC-SK, GER, STAH) in Standard Culture Medium

MTC-SK:
ICC
ISH
Northern
GER:
ICC
Northern
STAH:
ICC
Northern

CT

CGRP

GRP

SRIF

5-HT

NSE

Phe 5

neu

myc

Ha-ras

ER

Pgr

++

4-4-44-4-+

4-4-4-

4-+4-

4-/4-+

+

4-4-

4-4-4-

Nl)
ND

++
+++
+++

ND

ND
ND

+++
ND
ND

+4-4-

+++

—
—
—

—

4-4-

++

ND
Nl)

+++
ND
ND

++
ND

4-+

Nl)
++

+
Nl)

++
ND

++
Nl.)

4-+

ND
4-+

++
ND

4-+

++

-n-

-^/-n-

-^/-^-^

4-H-

—

—

4-4-

4-4-

4-

4-

ND

ND

ND

ND

ND

+

4-

4-4-

—

4-

4-

+

—

4-

ND

ND

ND

NO

ND

ND
ND

++

ND

ND - not done.
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Tdmorigenicity of MTC-SK cells
Two of 10 nude mice developed tumors four weeks after inoculation. One tumor regressed spontaneously, the other was
examined by electron microscopy. The tumor cells retained
their characteristic neuroendocrine granules.
Cytogenetic Findings
MTC-SK cell line (2)—Both diploid and tetraploid DNA distribution and three consistent marker chromosomes (unbalanced t(3:10); 1 Ip-F; 22p-f), an instability of centromeric heterochromatin in chromosome #1 (rarely #9 and #16), and somatic
pairing of these chromosomes were observed. During the last
year the number of polypoid cells increased but the cell line
maintained the three marker chromosomes. Recendy, a new clonal marker chromosome appeared (i.e., an unbalanced translocation between marker 1 Ip-F and lq).
MTC-SK clones—Chromosome analyses confirmed the
FACS findings; six clones were diploid or hypodiploid and six
clones were tetraploid or hypotetraploid with a small proportion
of polypoid cells and random chromosome losses. In nine
clones only the three consistent marker chromosomes [t(3;10),
1 Ip-F, and 22p-F] were present; in three clones beside the t(3; 10)
and 22p-F marker, the new marker t( 1 q; 11 p-F) was present in all
metaphases.
GER cell line—^Floating culture cells showed a consistent
karyotype, 47,XY,-F7,t(2;18)(pl 1.2;pl 1?), while in adherent
cells a normal chromosomal pattera (46,XY) was presenL In peripheral lymphocytes of the patient, a constitutional fragile site
2pl 1.2 was found.
STAH cell line—Similar to GER, the chromosomes were normal in adherent cells. Floating cells were hypodiploid with random chromosome losses and two marker chromosomes: der3,
which possibly results from a 3;7 translocation, and a 5p-F
marker. The patient's lymphocytes showed a mosaicism: mos
45,X/46,XY/47,XXY/47,XYY.
Modulation of proliferation rate and estrogen/progesterone
receptors—Compared with the usual bovine serum, sex-specific
fetal bovine sera and bovine amniotic fluid supplements cau.sed
a decrease in cellular protein and in growth rates, but an increase
in the expression of estrogen and progesterone receptors.

Conclusion
The three MTC cell lines maintained their neuroendocrine
features throughout cultivation, as revealed by immunocyto-
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chemical and molecular biological methods. They grow as
nonadherent and adherent cell populations with different
growth rates and chromosomal findings. The chromosomal aberrations found in our MTC cell lines involve chromosomes and
break points that have been previously reported to be involved
in sporadic MTCs and MEN 2A (chromosomes 1, 10, 11, and
22). New consistent marker chromosomes in GER and STAH
cell lines provide direction for specific molecular studies which
may lead to more insight into the tumorigenesis and progression
of sporadic and hereditary MTC.

Acknowledgments
We are grateful to Dr. Konrad Schauenstein for valuable discussions and for critical review of this manuscript; to Dr. Elisabeth Ingolic for excellent electron microscopical preparations;
and to Dr. Dieter Adamiker for his help with the nude mouse assay. Calculations of S pha.ses and clonality were done with software kindly provided by Dr. Peter S. Rabinovitsch, Phoenix
Flow Systems, San Diego, CA.

References
1. Leong SS, Horoszewicz YS, Shimaoka K, et al, A new cell line for study of
human medullary thyroid carcinoma. In: Andreoli M, et al, eds. Advances in thyroid neoplasia. Rome. Italy: Field Educational Italia, 1981:95-108.
2. Pfragner R, Holier H, Behmel A, Ingolic E, Walser V. E,stabli.shment and
characterization of continuous cell line MTC-SK derived from a huinan medullary thyroid carcinoma. Cancer Research 1990;50:4160-6.
3. Gohde W. Schumann J. Zante J. Pulse cytophotometry. In: Lutz D, ed.
Ghent: European Press. 1978:229-32.
4. Cooke X George D. Shields R, Maynard P, Griffiths K. Oestrogen receptors and prognosis in early breast cancer. Lancet 1979:1:995-7.
5. Dinges HP, Wirnsberger G, Holier H. Immunocytochemistry in cytology:
Comparative-evaluation of different techniques. Anal Quant Cytol Histoi
1989;11:22-32,
6. Hofler H, Childers H, Montminy MR, Lechan RM, Goodman RH, Wolfe
HJ. In situ hybridization methods for the detection of somatostatin mRNA in tissue .sections using antisense RNA probes. Histochem J 1986:18:597-604.
7. Chirgwin JH. Przybyla AE. MacDonald RJ, Rutter WJ. Isolation of biologically active ribonucleic acid from sources enriched in ribonuclea.se. Biochemistry 1979;18:5294-9.
8. Church GM. Gilbert W. Genomic sequencing. Proc Natl Acad Sci
1984:81:1991-5.
9. Furesz J, Levenbook I, Conlreras G, Elisberg B, Bather R, Petricciani JC,
Tumorigenicity testing of cell lines considered for production of biological
drugs. In: Hopps HE, Petricciani JC, eds. Abnormal cells, new products, and
risk. Proceedings ofa Workshop. July 30-31, 1984. In vitro cellular & developmental biology. Monograph 6. Bethesda: National Institutes of Health, 1985:703,

Biologic and Cytogenetic Characterization of MTC—Pfragner et al

